Bone tissue regeneration and healing could be notably quickened via applying electrical stimuli in the defected area. Hence, a conductive tissue engineering scaffold that is capable of delivering the electrical stimuli is greatly desirable. In this study, electrically conductive scaffold was fabricated by using a biocompatible conductive polymer, polypyrrole (PPY) in the optimized nanocomposite scaffold of Polycaprolactone (PCL) and Hydroxyapatite (HA) using freeze-drying technique. The scaffolds were evaluated by using a number of techniques. The morphology of the scaffolds was observed and analyzed using a scanning electron microscope (SEM). Composite scaffolds with suitable pore size distribution were obtained by freezing the polymer solution mixture at -18ºC, by controlling the polymer and solvent phase crystallization. The results showed that the average pore sizes were decreased from 123.7μm for PCL scaffolds to 91.6μm with the incorporation of HA nanoparticles. Electrical conductivity of the scaffolds was evaluated using a digital multimeter. The wettability and porosity of the scaffolds were increased with the incorporation of Polypyrrole than Polycaprolactone scaffold. The newly fabricated PCL/HA/PPY scaffold showed good prospect to be employed for bone tissue engineering applications.
INTRODUCTION
In orthopedics, one of the challenging and serious problems includes bone healing and regeneration. These days, a lot of people are suffering from different kinds of bone defects. Usually to tackle these defects, autogenic/allogeneic bone grafts and implants are being utilized. Nevertheless, these procedures have several disadvantages. It is well known that in autogenic process, a secondary surgery is required to obtain donor bone from the patient's own bone and this could lead to delay in recovery. Similarly, use of allograft bone could lead to rejection, pathogen transmission and immune response. Hence, these need prompted the production of artificial bone tissue material, surgical reconstruction, transplantation and artificial prostheses use [1] . Tissue engineering tries to offer a new remedy to tissue loss. A feasible alternative to bone grafting procedure known as bone tissue engineering has emerged which is reliable and economical, is intended to overcome several restrictions of present bone grafts. In tissue engineering scaffold the principal aim is to use engineering principles to provoke and stimulate the natural healing process of bone [2] . The strategy behind these scaffolds is that they act as short-term substrates providing basic support for cells to attach and thrive, and also helps to retain functions of cells. Performance of the scaffolds is basically determines the success of the bone tissue engineering [3, 4] . A scaffold requires high porosity, interconnectivity and appropriate pore sizes to aid cell attachment, in-growth and mass transport of nutrients [5] . Most often, biodegradable polymers are chosen to produce tissue engineering scaffolds which help to eradicate the worries of longterm biocompatibility and similarly to avoid additional surgery. Therefore, by choosing appropriate materials and fabrication techniques, mechanical and degradation properties of the scaffold could be obtained.
Polycaprolactone (PCL), a biodegradable polymer, possesses notable toughness and good biocompatibility [6] . It has been approved by FDA for specific uses in human body [5, 7] . However, as with most biodegradable polymeric scaffolds, PCL surface has an intrinsic hydrophobic characteristics which renders it unfavorable for cell growth which does not permit cell attachment on the surface of the polymer [8] . On the other hand, Hydroxyapatite (HA) is an inorganic constituent of bone with general formula Ca10(PO4)6(OH)2. This biologically active calcium phosphate ceramic is used in surgery to substitute and mimic bone. It is compatible with human body owing to its biological features. Apart from being the main constituent of bone, HA has a definite affinity towards several adhesive proteins, and also it's directly involved in bone cell differentiation and hardening.
Because of these suitable properties, HA has been greatly studied over the past thee decades. However, HA has poor biomechanical characteristics; it is brittle, has low fatigue strength and also has low flexibility which renders it insufficient for major load bearing applications [1, 9] . For providing new, desirable biocomposite for a particular application, blending of synthetic polymer and ceramics is one of the most effective methods [10] . Ceramic and polymer composites show the best features of both constituent that is the toughness of polymer and stiffness of ceramic [5] over scaffolds consisting of either only polymer or only ceramics [7] . Studies have shown that combining polymer (PCL) and ceramics (HA) will enhance mechanical properties, biodegradability as well as improve osteoconductivity [1, 7] .
Conductive polymers (CPs), because of its satisfactory biocompatibility have been studied and utilized in several biomedical applications since 1980s [11] . CPs mediate electrical stimulation and is likely to be the stimulating factor to enhance bone regeneration. In earlier studies, it was shown that the addition of CP could enhance both the mechanical strength, the biodegradability of scaffolds including their in vitro biocompatibility [12, 13] . Polypyrrole (PPY) is used today in numerous applications, including biosensors, computer displays, corrosion protection, microsurgical tools, and drug delivery systems, and as a biomaterial in neural tissue engineering and blood conduits [14] .
PPY possesses many exceptional qualities, such as good in vitro and in vivo biocompatibility, chemical stability, low oxidative potential and high conductivity [ [14, 15] .
Most studies on scaffolds intended for bone Tissue Engineering are typically concentrated on enhancing the properties of the scaffolds especially in respect to their chemical and mechanical properties [16, 17] . However, in order to combine the tissue engineering methods with the impression of improving the bone regeneration and healing using electrical stimuli, the electrical property of the scaffolds are being adjusted. Therefore, to enhance the electrical property of the scaffolds, compositions of biocompatible conductive polymer (CP) was employed. This study reports the development of a new composite scaffold PCL/HA/PPY utilizing freeze-drying technique. Firstly, PCL and PCL/HA composite scaffolds were fabricated with the incorporation of different amount of HA. Based on the characterization results, PCL/HA scaffold with 10% (w/w) HA was found to be suitable. Then PPY was added to render it conductive. The electrically conductive composite scaffolds were then characterized utilizing Scanning electron microscopy (SEM), Energy dispersive X-ray spectroscopy (EDX) and contact angle.
METHODOLOGY

Materials
Polycaprolactone (PCL) with molecular weight 70,000-90,000g/mol, was purchased from Sigma-Aldrich (UK). Nanosized Hydroxyapatite (HA) was synthesized inhouse using a nano-emulsion process and Polypyrrole was also purchased from Sigma-Aldrich (UK). The solvent 1,4 Dioxane and other chemicals used were all of analytical grade.
Methods
Preparation of Composite Solutions
Composite scaffolds of PCL/HA and PCL/HA/PPY were fabricated by the following procedures. PCL solution was prepared by dissolving 1g of PCL in 10ml of 1,4 Dioxane into a centrifuge tube. In order to obtain homogeneous solution, the mixture was stirred using magnetic stirrer for 3 hours at 50  C until the polymer was completely dissolved. The solution was then transferred into a glass vial. Then 0.1g HA nanoparticles were incorporated into 1g of PCL and was dissolved into 1,4 Dioxane. Utilizing a hand-held homogenizer, the solution was dispersed onto the polymer solution. The same procedure was repeated and different amount of PPY (5%, 10% and 15% w/w) were incorporated into the mixture of 10% PCL/HA and was mixed properly with a homogenizer to produce a homogeneous solution.
Freeze-Drying
The prepared PCL, PCL/HA and different percentage of PCL/HA/PPY were placed into separate glass vials. The glass vials containing the solutions were then moved into a freezer at a preset temperature of -18C for overnight to solidify the solution. The frozen solution was then transferred into a freeze-drying vessel (Labconco -Freezone, USA) and freeze-dried for 48 hours to remove the solvents.
PCL, PCL/HA, and PCL/HA/PPY Characterization
Microstructures of all the fabricated scaffolds were studied using a scanning electron microscope (SEM, Table Top TM3000 ). The morphology and structures were also examined using Field Emission Scanning Electron Microscope (FESEM, SU8020, Hitachi). The pore size was measured using Image J software. At least 20 pore sizes were measured and their averages were calculated.
Energy Dispersive X-ray Spectroscopy
By using an energy dispersive X-ray spectroscopy (FESEM, SU8020, Hitachi), the scaffolds were examined to ascertain the existence of elements in the scaffolds. The distribution of HA nanoparticles in composite scaffolds were also determined.
Density and Porosity Measurement
Liquid displacement technique was used to measure the density (g/cm3) and porosity (%) of the scaffolds according to the methods described in previous study [18] . Ethanol was used as displacement liquid. The weight of scaffolds (w) was measured and was dipped into a known volume (V1) of ethanol in a measuring cylinder for 5 min. The total volume of ethanol and ethanol-impregnated scaffold was recorded as V2. Subsequently, the scaffold was removed from the measuring cylinder and the remaining volume of ethanol in the measuring cylinder was recorded as V3. By using the equations below, the porosity and density of the scaffolds were estimated.
Total volume of the scaffold:
Density of the scaffold:
Porosity () of the scaffold was: Figure 1 shows the physical appearance of scaffolds. Figure 2 represents the SEM micrographs of PCL, PCL/HA and PCL/HA/PPY composite scaffolds at different concentrations produced through freeze drying technique revealing the porous structure of the scaffold. Using this technique, comparatively large, three dimensional (3D) and homogeneous scaffolds were produced. The scaffolds were easy to handle. Many parameters influence the composite morphology of the scaffolds fabricated using freeze drying technique. It is feasible to use this technique to attain the porosity level exceeding 90% and regulate the pore sizes at the same time. It has been demonstrated that by changing the processing or formulation parameters such as molecular weight of polymer, polymer solution concentration, solvent and water phase percentage, freezing temperature, the porous structure of polymeric scaffolds could be controlled [19] . Therefore, it is essential to carefully select parameters for creating a solution from two immiscible phases, in order to achieve scaffolds with preferred porous structure and properties. In both PCL/HA and PCL/HA/PPY composite scaffolds, HA nanoparticle agglomeration were not detected. Homogenizer was used at high speed to reduce the agglomeration and to disperse the HA nanoparticles in the polymer pore walls. The distinctive pore morphology of the scaffolds was as a result of the solid-liquid phase separation and the heat transfer during freezing as well as freeze-drying process. Through suitable parameters, the scaffolds produced had interconnected pores and large pore sizes. The pore sizes were observed to decrease when HA was incorporated with PCL compared to pure PCL scaffold. It was observed that by incorporating 10% PPY into 10%HA/PCL, the pore sizes of the PCL/HA/PPY scaffold continued to decrease when compared to PCL and PCL/HA scaffold. Figure 3 shows the EDX analysis of PCL, PCL/HA and PCL/HA/PPY confirming the presence of elements in each scaffold. Calcium and Phosphorus that were presented in HA nanoparticles was observed on the pore walls of PCL/HA, and PCL/HA/PPY composite scaffolds. the low concentrations used in the process. EDX was also used to confirm the presence of other elements such as Carbon (C), Oxygen (O), Calcium (Ca), and Phosphorous (P) in the PCL/HA/PPY composite. The presence of C element was 65%, O element 30%, Ca. element 2.9, P element 0.6% and N element 0.0%. Figure 4 represents the distributions of pore sizes of PCL, PCL/HA and PCL/HA/PPY composite scaffolds. 20 pore sizes were taken and the average pore size was calculated. Average pore sizes of composite scaffolds are shown in Figure 4 (a, b and c) . The pore sizes were in the range between 109.6µm and 147.6μm and with the average of 123.7μm for PCL scaffold whereas for PCL/HA were between 77.3μm and 113.6μm and average pore size was 91.6μm. PCL/HA/PPY had pore sizes ranging from 50μm to 250μm with average of 130.4µm. It was observed that 10% PPY incorporated into 10% HA/PCL and pure PCL had larger pore sizes compared to PCL/HA. However, in this study both pure PCL and PCL/HA/PPY attained the minimum pore size required for cell vascularization, transport and migration [20] . Figure 5 represents the elemental mapping of PCL/HA/PPY composite scaffold revealing the elements presented in PCL/HA/PPY scaffold. The elements are represented with different colors to show their abundance and concentration. The elements presented included carbon, oxygen, calcium, phosphorous and nitrogen. The most abundant element was carbon while the least was nitrogen. Table 1 shows the porosity and density of the fabricated scaffold. The porosity and density of 10% PCL, 10% HA/PCL and 10% PPY/10%HA/PCL scaffolds were evaluated utilizing liquid displacement method with ethanol. It was observed that ethanol infiltrated inside the pores of the scaffolds but caused neither shrinkage nor swelling of the composites scaffolds. The fabricated scaffold had porosity more than 65%. The density of the scaffolds increased and the porosity decreased about 5% after incorporation of PPY conductive polymer. According to earlier report, the preferred porosity for cell penetration is between 60-90% [21] . In this study, the results disclosed that the scaffolds had porosity within the preferred range. 
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CONCLUSIONS
By combining conductive polymer PPY, synthetic polymer PCL and bioceramic HA, it was possible to fabricate an electrically conductive composite scaffold for the application of bone tissue engineering using the freeze-drying technique. The range of pores of PCL/HA/PPY scaffold was 50-250μm. EDX analysis confirmed the presence of Nitrogen in the PCL/HA/PPY scaffold. It was observed that the density increased and the porosity decreased with the incorporation of HA and PPy. The properties of the scaffolds in this study were promising to be used in bone tissue engineering applications.
